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.2013.03Abstract Rapid and accurate identiﬁcation of yeast is increasingly important to stipulate the appro-
priate therapy thus reducing morbidity and mortality related to yeast infections. Vibrational spectro-
scopic techniques (infrared (IR) and Raman) could provide potential alternatives to conventional
typing methods, because they constitute a rapid, inexpensive and highly speciﬁc spectroscopic ﬁnger-
print through-which microorganism can be identiﬁed. The present study evaluate (FTIR) spectros-
copy as a sensitive and effective assay for the identiﬁcation of the most frequent yeast species
isolated fromhuman and animals. One hundred and twenty-eight yeasts isolated from infected human
mouths/vaginas, chronic diseased cows, crop mycosis in chicken and soil contaminated with pigeon
droppings were phenotypically identiﬁed. Using universal primers, ITS1/ITS4, we have ampliﬁed
ITS1-5.8S-ITS2 rDNA regions for 39 yeast isolates as representative samples. The PCRproducts were
digested with restriction enzymeMspI and examined by PCR-RFLP, which was an efﬁcient technique
for identiﬁcation of Candida spp., Cryptococcus neoformans and Trichosporon asahii. Further, identi-
ﬁcation of the same 39 isolates were done by FTIR spectroscopy and considered as reference for other
strains by comparison of their FTIR spectra. The current study has sharply demonstrated the signif-
icant spectral differences between the various examined species ofCandida,Cryptococcus, Trichospo-
ron, Rhodotorula and Geotrichum isolated from different sources. Decisively, our research has
conﬁrmed that FTIR spectroscopy is a promising diagnostic tool, because of its sensitivity, rapidity,
high differentiation capacity and simplicity compared to conventional/molecular techniques.
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16 M. Taha et al.1. Introduction
Classical identiﬁcation of yeasts can be achieved by applying
physiological and morphological tests to determine enzyme
production proﬁles and growth characteristics [2]. Despite
the fact that conventional/classical tests are largely applied,
yet, these tests are faced with several constrains. Time consum-
ing and low discriminative power between closely related spe-
cies are the major constrains [16].
Currently, genotypic methods are practically preferred than
phenotypic methods. The following molecular assays are the
most current molecular techniques used for identifying yeast
strain’ identity: randomly ampliﬁed polymorphic DNA
(RAPD), restriction fragment length polymorphism analysis
(RFLP), multilocus enzyme electrophoresis (MEE), DNA
sequencing, and pulsed-ﬁeld gel electrophoresis [13]. However,
their application in the routine analysis is limited by their pro-
tocol complexities, reagent costs, choice of speciﬁc primers for
each species, sensitivity to mutations and the requirement for
highly skilled personnel [4,17].
Most recently, an approach that is based on optical spectro-
scopic techniques as FTIR spectroscopy has been proposed for
identiﬁcation of microorganisms. FTIR spectra provide highly
speciﬁc spectroscopic ﬁngerprints of microorganisms allowing
an accurate identiﬁcation at both species and sub-species levels
[8,11]. This approach represents an analytical, nondestructive,
and dynamic method to investigate a cell population with little
biomass [11].
FTIR spectroscopy is based on the vibrational excitation of
molecular bonds by absorption of infrared light energy (only the
middle infrared section). The sum of vibrational spectra for a
cell macromolecule (nucleic acids, proteins, lipids, polysaccha-
rides, etc.) can produce an infrared absorption spectrum that
looks like amolecular ‘‘ﬁngerprint’’ for such biologicalmaterial.
This spectrum can be used in typing or identiﬁcation applica-
tions through clustering [5]. Fortunately, a reference spectrum
library is assembled based onwell-characterized strains and spe-
cies. The FTIR spectrum of any unidentiﬁed isolate can be mea-
sured under the same conditions as those used for the reference
spectra and then compared to different spectra from the refer-
ence spectrum library. If the library contains an identical or a
very similar spectrum, identiﬁcation is possible. The success of
the method is, therefore, directly dependent on the complexity
of the reference spectrum library [7].
In the present study, the potential of FTIR spectroscopy for
typing yeast strains isolated from human and animals was
tested. Furthermore, the typing potential of FTIR spectros-
copy was compared to that of the well established molecular
tool, RFLP.
2. Materials and methods
2.1. Isolation and identiﬁcation of yeasts from human and
animals
One hundred and twenty-eight yeasts were isolated from a to-
tal of 211 samples collected from human oral/vaginal candido-
sis (20 swabs/each), chronic diseased cows (126 samples
including 21 rectal, 20 vaginal, 26 oral, 19 nasal, 20 ear swabs
and 20 mastitic milk sample), crop mycosis in chicken (20
swabs) and soil contaminated with pigeon droppings (25 sam-ples). All yeast isolates were fully identiﬁed according to
macro-morphology on Sabouraud Dextrose Agar (SDA, Difco
Lab., USA) with chloramphenicol, micro-morphology (hy-
phae, pseudohyphae, chlamydospores, arthrospores) on rice
agar media and chromogenic candida agar (CCA, Difco
Lab., USA) for Candida spp. [15].
2.2. Identiﬁcation of yeast species based on RFLP of the 5.8S-
ITS region
2.2.1. DNA extraction
Genomic DNA of a total of 39 yeast representative isolates
was extracted using the Gene Jet Genomic DNA puriﬁcation
kit K0721, K0722 (Fermentas, Germany).
2.2.2. PCR
PCR ampliﬁcation of ITS1-5.8SITS2 rDNA regions was
achieved using region speciﬁc primers: ITS1 (forward, 50-
TCC GTA GGT GAA CCT GCG G-30 and ITS4 (reverse,
50-TCC TCC GCT TAT TGA TAT GC-30) primer pairs (Fer-
mentas, Germany) after [10,14]. The ampliﬁcation steps con-
sisted of 35 cycles of denaturation at 94 C for 1 min, primer
annealing at 56 C for 1 min., extension at 72 C for 1 min.
In the ﬁrst cycle, the denaturation step was 94 C for 5 min.
and in the ﬁnal cycle the ﬁnal extension step was 72 C for
7 min.
2.2.3. Restriction enzyme analysis
For restriction digestion, 21.5 ll of PCR products were di-
gested directly and individually by 1 ll of the restriction en-
zyme MspI and 2.5 ll related buffer (total reaction volume
of 25 ll) after 3 h incubation at 37 C. The PCR products
and their restriction fragments were separated on 1.5% aga-
rose gels containing 0.5% ethidium bromide in 1·-Tris Acetate
EDETA (TAE) buffer at 100v and their sizes estimated by
comparison against a 100 bp DNA ladder. DNA was visual-
ized under UV trans-illuminator and gel image analysis was
done by gel documentation system.
2.3. Identiﬁcation of yeasts by FT-IR spectroscopy
A total of 39 Candida isolates formerly identiﬁed by pheno-
typic and RFLP methods, were analyzes using FTIR
spectroscopy.2.3.1. Sample preparation for FT-IR spectroscopy
Potassium bromide (KBr) based pellets were prepared by estab-
lishing pressure of 10 kg/cm2 for about 30 s. A pure KBr tablet
was used as a blank for background subtraction. Loopfuls from
yeast isolates cultured on SDA supplemented with chloramfeni-
col were taken and placed on KBr discs.
2.3.2. FT-IR spectral measurement
All spectra (61 spectra) ranging between wave numbers 4000
and 400 cm1 were recorded with Fourier transform infrared
spectroscopy (Jasco FTIR 6100 Japan). For data processing,
the software OPUS (version 2.2) was used for microbiological
identiﬁcation (Bruker). All spectra were base line corrected
and vector normalized. Spectral resolution was set at 4 cm1
[12].
Plate 1 Agarose gel electrophoresis showing size of the PCR-ampliﬁed rDNA region of Candida isolates (A) and restriction analysis
with MspI (B–D). Plate 1 (A) Lane M, molecular size marker; Lane1, C. glabrata; Lanes 2 and 10, C. guilliermondii; Lane 3, C.
inconspicua; Lane 4, C. lusitaniae; Lane 5, C. lipolytica; Lane 6, C. vini; Lanes 7 and 8, C. kefyr; Lane 9, C. catenulata and Lane 11, C.
tropicalis. (B) Lane M, molecular size marker. Lane 1, C. utilis; Lane 2, C. tropicalis; Lanes 3 and 11, C. krusei; Lane 4, C. norvegensis;
Lane 5, C. glabrata; Lane 6, C. lambica; Lanes 7 and 8, C. albicans var stellatoidea; Lane 9, C. catenulata and Lane 10, C. parapsilosis. (C)
Lane M, molecular size marker, Lanes 1–11, C. glabrata, C. guilliermondii, C. inconspicua, C. lusitaniae, C. lipolytica, C. vini, C. kefyr, C.
catenulata, C. guilliermondii and C. tropicalis. (D) Lane M, molecular size marker; Lane 1, C. humilis; Lanes 2 and 4, C. peltata; Lanes 3, 7,
10 and 11, C. glabrata; Lane 5 and 6, C. tropicalis; Lane 8, C. albicans and Lane 9, C. saitoana.
Use of fourier transform infrared spectroscopy (FTIR) 17Different spectra from the same isolates were compared to-
gether. When they showed identical curves, considered as ref-
erence curve .The same Candida species according to
phenotypic/PCR results were compared with that reference
curve. Finally, reference curves of all isolated species in this
study were compared together and spectral data library were
established. Measurement and comparison of the spectrum
with the reference spectrum library containing spectra of de-
ﬁned strains could take less than 2 min.
2.3.3. Cluster analysis
Hierarchical cluster analysis (HCA) was applied to compare
samples and grouping the spectra with the same degree of sim-
ilarity. The method calculates the Euclidean distance between
all the data set by using the Ward’s algorithm method. The
merging process can be visualized in a tree-like diagram, called
a dendrogram, presenting the regrouping of the spectra in clus-
ters according to a heterogeneity scale [7,17].
3. Results
The highest percentage of Candida spp. isolated from human
oral and vaginal candidosis was reported for Candida albicans(30%) followed by Candida tropicalis (5%) then Candida par-
apsilosis, Candida glabrata (2.5%) for each three Candida
spp., that were further identiﬁed by PCR-RFLP into Candida
lambica, Candida catenulata and Candida utilis. In respect to
cow samples, a total of 53 Candida isolates were retrieved.
The most common Candida spp. were Candida krusei
(35.8%) followed by C. albicans (28.3%) then C. parapsilosis
(11.3%), C. glabrata (7.5%), C. tropicalis (5.6%) and ﬁve Can-
dida spp., were further identiﬁed by RFLP into Candida guil-
liermondii (3.7%), Candida norvegenisis, Candida humilis,
Candida peltata and C. catenulata (1.8%) for each. From mas-
titic milk samples, Candida lipolytica, Candida vini, Candida
inconspicua, C. peltata, C. albicans and Rallina rubra were iso-
lated. C. albicans (60%) was the most common Candida spp.
isolated from crop mycosis followed by C. glabrata (20%) then
C. krusei (10%) and Candida lusitaniae (10%). A total of ﬁve
isolates (20%) of Cryptococcus neoformans, four Trichosporon
spp. (16%), nine Geotrichum candidum, four R. rubra, two
Candida kefyr and one isolate Candida saitoana were retrieved
from soil contaminated with pigeon droppings.
In this study, RFLP was run for the sake of identiﬁcation of
Candida spp., Cryptococcus neoformans and Trichosporon spp.,
using universal primers ITS1 and ITS4 ampliﬁed ITS region.
The reaction has yielded a unique PCR product size of
Plate 2 (A) FT-IR spectrum of C. albicans. (B) FT-IR spectrum of C. neoformans. (C) FT-IR spectrum of T. asahii. (D). Identical
absorption spectra of three C. tropicalis strains with some characteristic spectral ranges that are dominated by certain chemical structures:
fatty acids (3050–2800 cm1); amide I (1600–1700 cm1), amide II (1500–1600 cm1), polysaccharides (1200–900 cm1) and nucleic acid
(700–900 cm1).
18 M. Taha et al.approximately 358–871 bp. The approximate length of the
ampliﬁed products was enough to identify the species C. glab-
rata (871 bp), C. kefyr (723 bp), C. peltata (680 bp), C. humilis
(670 bp), C. saitoana 614 bp, C. guilliermondii (608 bp), Can-
dida stellatoidea (560 bp), C. utilis (555 bp), C. albicans
(535 bp), C. tropicalis (524 bp), C. parapsilosis (520 bp), C. kru-
sei (510 bp), C. vini (490 bp), C. norvegenisis (488 bp), C. incon-
spicua (447 bp), C. lambica (432 bp), C. catenulata (393 bp), C.
lusitaniae (376 bp), C. lipolytica (358 bp), C. neoformans var
neoformans (556 bp), C. neoformans var grubi (550 bp) and Tri-
chosporon asahii (515 bp) (Plate 1A).
PCR amplicons were digested with enzyme MspI and the
generated bands corresponded to the predicted sizes. MspI re-
sulted in DNA cleave, where there is a CCGG sequence. (Plate
1B–D).
Spectral variations were observed within different yeasts
that were previously identiﬁed by phenotypic/PCR methods
as in Plate 2A–C. The resultant spectra for these yeasts were
used as private library data base (reference for different spe-
cies). Spectra of different samples from the same species
showed great similarity and matching (100%) with the original
library data base as in Plate 2D.
There are clear spectral differences between reference
curves of different species (Plate 3A and B). When six un-known tested samples were identiﬁed by FTIR spectroscopy
and their spectra were compared with reference curves, they
looked identical as shown in Plate 3C.
Cluster analysis with Ward’s algorithm using three spectral
windows (3030–2830, 1350–1200, and 900–700 cm1) allowed
differentiating yeast genera into two clusters (Plate 3D1) which
corresponded to the basidiomycetous and ascomycetous
yeasts, respectively. Further, Candida spp., could be clearly dif-
ferentiated and infrared spectra of closely related species can
be pooled together showing a complete concordance (e.g. C.
albicans and C. stellatoidea) (Plate 3D2).
4. Discussion
Phenotypic examination and PCR were the most acceptable
methods for identiﬁcation of yeasts. However, phenotypic
methods are not fast and reliable enough, and PCR is expen-
sive. Recently, use of FTIR spectroscopy for identiﬁcation of
yeasts has signiﬁcantly increased [5,13]. In present study, our
objective was to investigate the capability of FTIR spectros-
copy technique to identify and discriminate between yeasts iso-
lated from human and animals. For this purpose, 120 yeast
isolates were identiﬁed by phenotypic method, RFLP and
FTIR spectroscopy analyses.
Plate 3 (A) Absorption spectra of R. rubra and R. glutinis. Difference in nucleic acid, polysaccharides and carbonyl region of lipids. (B)
Absorption spectra of C. albicans var stellatoidea and C. albicans .Difference in nucleic acid region. (C) FTIR spectra of unknown sample
seem looked identical to C. parapsilosis. (D1) Dendrogram of examined yeast genera, (D2) Dendrogram showing the hierarchical
clustering of 19 Candida species considering the spectral ranges from 3030 to 2830, 1350 to 1200, and 900 to 700 cm1.
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cally relevant yeast species. By RFLP, used primers could am-
plify DNA from all 39 tested yeasts including Candida,
Cryptococcus and Trichosporon, which represent a broad range
of clinically relevant yeasts. The primer provided an amplicon
(358–871 bp) from all tested isolates. This result was in agree-
ment with previously published reports [1,11,16]. Authors have
successfully identiﬁed only six Candida spp. using RFLP and
fungus-speciﬁc universal primers (ITS1 and ITS4) and then
PCR amplicons were digested with MspI, while Shokohi
et al. [14] digested the PCR products with two restriction en-
zymes MspI and BlnI separately. In the present study, 19 Can-
dida species, two C. neoformans and one Trichosporon spp.
could be identiﬁed using ITS1 and ITS4 primers with restric-
tion enzymes MspI. Fujita et al. [6] identiﬁed Candida spp.
by multiplex PCR using internal transcribed spacer 1 and 2
regions.
MspI could potentially distinguish 22 yeast species. Nine
Candida species with a single restriction digest were obtained.
While Mirhendi et al. [9,10] obtained the same result for iden-
tiﬁcation of Candida spp. by chromogenic candida agar and
RFLP methods. In the present study, chromogenic candida
agar could not identify 12 isolates of Candida spp. Completeidentiﬁcation of these isolates were obtained by RFLP. This
result suggeststhat the selection of chromogenic candida agar
media is controversy. This in agreement with [6,14]. Analysis
of RFLP derived from the DNA of Candida spp. has the
advantage of being reliable in comparison with the phenotypic
method, which is insensitive and have limited availability [3].
The FTIR spectra exhibited well deﬁned spectral regions
that correspond to the vibration of a given chemical entity
and hence to a constituent of the yeast cell. The main observed
features were characteristic vibrations, which occurred due to
the peptide bond of proteins (Amide I in the 1600–
1700 cm1 and Amide II in the 1480–1600 cm1), nucleic acids
PO2 (1180–1300 cm1), carbohydrates (900–1200 cm1), and
(900 to 700 cm1) contains bands which are most characteristic
at the species level [11].
Based on this result, we recommend FTIR spectroscopy as
a candidate to identify Candida, C. neoformans, Trichosporon,
Rhodotorula and Geotrichum spp. most frequently encountered
in human and animal infections. To that end 39 yeast isolates
were investigated by phenotypic, RFLP and FTIR spectros-
copy method and their spectra considered as reference to
which other species were compared with its corresponding in
our library. All isolates have showed great identity and
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tween the obtained curves and the reference curves of the same
species in this study library and lack of similarity between dif-
ferent isolated species reinforced the fact that FT-IR spectros-
copy technique provides spectral ﬁngerprints for each fungal
species. Similarly, Sandt et al. [13] demonstrated that FT-IR
spectroscopy is potent enough to identify C. albicans with a
high sensitivity. FT-IR microspectroscopy is able to identify
microcolonies of Candida species [4]. Moreover, Essendoubi
et al. [5] typed C. glabrata clinical isolates by FTIR spectros-
copy. Also Fujita et al. [6] demonstrated the feasibility of the
FT-IR technique for intraspecies comparison of three Candida
species (C. albicans, C. glabrata and C. parapsilosis). Com-
pared to other reported data, the present study has strong
points in the sense that a more important number of yeast spe-
cies were analyzed using FT-IR spectroscopy. The results
showed that the spectral windows with the best discriminating
features were localized in the region between 3030–2830, 1350–
1200, and 900–700 cm1, which coincides with many previous
literatures [7,17].
FT-IR spectra can reﬂect small variations due to culture
parameters (e.g., culture age, medium composition, medium
pH, temperature, humidity, and storage mode). As a result,
only spectra recorded for the same batch of culture medium,
at the same temperature, and during the same precise culture
time were compared. Thus, each model has to be standardized
and ﬁxed in regards to species, culture and sample preparation
conditions for a better spectral reproducibility [13,4].
5. Conclusion
FTIR spectroscopy is a simple, rapid, less expensive and highly
sensitive tool for identiﬁcation as well as differentiation be-
tween different genera and species of yeasts.
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